Ascaris sp. is the most prominent and resilient helminth of human health importance found in faecal sludge, making Ascaris sp. an ideal index organism for inactivation testing. Heat treatment destroys helminths, allowing for safe handling and possible reuse of sludge. Technology development focuses on rapid heating to minimize equipment size and cost. This study evaluates Ascaris suum eggs' viability with short heating time. Ascaris eggs were placed in a water bath at temperatures from 60 to
INTRODUCTION
Diarrhoea manifests generally as a symptom of bacterial and viral infections but may also be a symptom of infection by parasitic worms (helminths), with Ascaris lumbricoides of greatest concern (Brownell & Nelson ) . Ascaris eggs are the most resilient of all organisms found in sludge, as they can withstand harsh environmental conditions, such as desiccation, and can survive in both aerobic and anaerobic environments for up to seven years in the soil (Pecson & Nelson ) . Ascaris spp. are therefore deemed fit as index organisms for parasitic contamination, as well as overall pathogenic contamination and inactivation (Sidhu & Toze ) . If a treatment process can inactivate Ascaris spp. eggs, then it is very likely all other pathogens will be destroyed as well (Maya et al. indistinguishable from one another in all stages (Daugschies et al. ) . A. suum eggs were therefore used in this study.
Ventilated pit latrines (VIP) are regarded as improved sanitation by the South African government. Once full, the pits are sealed or emptied (Bhagwan et al. ) . Proper disposal and treatment of human excreta is important in reducing transmission of infectious diseases. Land application of treated sludge is becoming increasingly common, thereby encouraging resource reuse and recovery, alleviating environmental contamination and reducing human health impacts (Fewtrell & Bartram ) . 
MATERIALS AND METHODS
A. suum eggs were purchased from Excelsior Sentinel Inc.
(USA) and stored at 4 C until needed. Egg stock solutions were prepared from the initial egg samples with approximately 550 eggs per 1 mL of solution. A 34-litre heating water bath controlled experimental exposure temperatures.
Eggs were exposed to heat treatments in 15 mL polypropylene test tubes preheated in the water bath by adding 13 mL of boiling water per tube and immersing these tubes into the water via a modified polystyrene rack. A thermocouple and data logger monitored temperature over time.
Eggs were analysed via light microscopy, before and after incubation at 25 C for 28 days in a cooling incubator.
Experimental Ammonium bicarbonate (made up with deionized water to form 99% ammonium bicarbonate, NH 4 HCO 3 by Sigma) was used to rinse the test tubes and beakers that previously contained treated samples. The tube or beaker contents were rinsed thoroughly over a 20 μm sieve. The deposit was transferred into a plastic 15 mL test tube using a Pasteur pipette and centrifuged at 1,310 × g (3,000 rpm) for 5 minutes using a bench-top centrifuge (with a swing-out rotor).
The supernatant was discarded, and the egg pellet was analysed under a light microscope at 100× and 400× magnification. and 2,000×) in order to evaluate heat damage in greater detail (three-gear focusing using a magnification changer allowed for magnifications greater than 1,000×).
Normality of data was tested using a one-sample Kolmogorov-Smirnov test using IBM SPSS Statistics (version 24, IBM Corp., Armonk, NY, USA) and transformed accordingly using arcsine transformation, then analysed statistically. A nested analysis of variance (ANOVA) was run on the data using R (version 3.0.2, R Core Team 2016). The Shapiro-Wilk test was used to test for normality and a Levene's test was used to test for homogeneity of variance of the studentized residuals from the ANOVA. 
RESULTS
Eggs that appeared undamaged and remained at the one- 
CONCLUSIONS AND RECOMMENDATIONS
• All test temperatures (between 5 seconds and 4 minutes) met the criterion for this study, i.e., inactivation was considered successful if the recovery of viable eggs after treatment and incubation was 10% (Figure 2 (a)-2(f)).
• Complete die-off within the tested exposure time range was noted for 70 C, 75 C and 80 C, however treatment at 60 C and 65 C allowed for development of a few eggs after incubation.
• Incubation of heat-treated samples is required when egg damage is not visible, in order to confirm die-off.
• The results of the current study therefore show that residence times of as low as 4 seconds at 80 C may be recommended for successful inactivation when using the viscous heater. 
